Evidence from an international survey in the Atlantic biogeographic region of Europe 46
grasslands. Across the deposition gradient in this region (2 to 44 kg N ha -1 yr -1 ) species 48 richness showed a curvilinear response, with greatest reductions in species richness when 49 deposition increased from low levels. This has important implications for conservation 50 policies, suggesting that to protect the most sensitive grasslands resources should be 51 focussed where deposition is currently low. Soil pH is also an important driver of species 52 richness indicating that the acidifying effect of nitrogen deposition may be contributing to 53 species richness reductions. The results of this survey suggest that the impacts of nitrogen 54 deposition can be observed over a large geographical range. 55 extracts were determined using a 1:10 soil and extractant mixture. Aluminium and 157 calcium concentrations were determined using an ICP-MS. Stored soil samples from the 158 earlier survey were analysed using the methodology of the later survey showing that 159 results of the two extraction methodologies were comparable. Phosphorus availability 160 was determined using a standard Olsen extraction and colourometric determination 161 (MAFF, 1986 ). Total C and N content of the soil was determined using a CN elemental 162
analyser by combustion and gas detection. 163
164

Deposition models 165
For all of the sites visited, the best available deposition model was used for estimating the 166 deposition of nitrogen and sulphur (S), resulting in some variation in the models used. and forward and backward multiple regressions were conducted using SPSS v17. All 179 variables were checked for normality and corrected if necessary (Table 1) and strongly  180 inter-correlated independent variables (r > 0.5) were removed from the models. The 181 variables to be retained were selected based on ecological relevance. Soil ammonia 182 concentration and plant available P concentration were highly skewed and correction did 183 not result in a normal distribution. In these cases the model was run with and without 184 these variables included. In each case, results did not differ between model runs so they 185
were excluded from the analysis. The regression tree was analysed in R according to the 186 method set out in Crawley (2007) (1) 220
221
Topsoil pH showed the strongest linear correlation with species richness, with an r 2 of 222 0.38 (p<0.001) (Fig. 3a) . As topsoil pH is influenced by site physical characteristics and 223 N deposition, this correlation may be related to acidification of the soils, but the approach 224 does not distinguish between the sources of acidification which include sulphur 225 (r 2 = 0.20, p<0.001) (Fig. 3b) although as a result of the variability of soil types in this 227 study and the large amount of variation in soil pH that is independent of N deposition, it 228
was not necessary to remove this variable from the analysis. There was also a significant 229 correlation between soil pH and S deposition (r 2 = 0.18, p<0.001). reflecting the point for splitting the data identified in the regression tree (Fig. 4) The results of this study demonstrate the importance of soil pH as a driver of species 291 richness. Of the variables examined, topsoil pH showed the strongest linear correlation 292 with species richness, with an r 2 of 0.38 (p<0.001) (Fig. 3a) . As soil pH is reduced the 293 forms and availability of nutrients and potentially toxic metals are affected, reducing the 294 negative relationship with topsoil pH (r 2 = 0.18, p<0.001) showing that both N and S 296 deposition (or their legacy) remain important drivers of soil pH. 297
298
Variance partitioning allows assessment of the relative contributions of different groups 299 of variables to the total variation in species richness. This analysis showed that both a 300 site's geographical and physical characteristics (Table 1) , and its management type and 301 intensity, exclusively explain very little of the variation in species richness (r 2 = 0.004 302 and 0.003, respectively). These small numbers reflect the tightly defined plant 303 community type and the similarities in management practices across the transect. Soil 304 variables exclusively explain 13.9% of the variation in species richness and deposition 305 variables explain 6.9% of the variation in species richness, indicating that N deposition 306 modifies the response of the plant community to site characteristics. However, the 307 potential for N deposition to influence soil variables means that these two sets could be 308 considered together. The sum of the variation in species richness explained exclusively 309 and variation explained by N deposition and soil in combination is 53% of the variation 310 in species richness. 311
312
The regression tree (Fig. 4) sheds further light on the interaction between independent 313 variables. In the regression tree, the first division is with N deposition, reflecting the 314 importance of this variable as a driver of species richness with pH and aluminium as the 315 next most significant variables. Aluminium may be a more important driver of species 316 richness at low deposition because here, species intolerant of aluminium toxicity have yet 317 to be eliminated by acidification. The acid substrate in these habitats means that 318 availability of aluminium in the soil can change greatly with small changes in soil pH. 319
Below this level of the regression tree, other variables become important. pH is clearly a 320 very important driver of species richness in these grasslands and soil acidification is 321 likely to be playing an important role in the reduction of species richness. This was also 322 found in analysis of temporal trends in species richness in relation to N deposition ( 
